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(57) The electric connection structure conn acta a

first silicon body (1 0) to conductive regions (29, 30) pro-

vided on the surface of a second silicon body (1) ar-

ranged on the first body (10), The electric connection

structure comprises at least one plug region (3) of sili-

con, which extends through the second body (1); at least

one insulation region (2a, 8) laterally surrounding the

plug region (3); and at least one conductive electrome-

chanical connection region (23) arranged between the

first body ( 1 0) and the second body (1 ) , and In electrical

contact with the plug region (3) and with conductive re-

gions (1 5-1 9; 40) of the first body (1 0). To form the plug

region (3), trenches (2a) are dug in a first water (1 ) and

are filled, at least partially, with Insulating material (6),

Next, the plug region (3) Is fixed to a metal region (23)

provided on a second wafer (10), by performing a low-

temperature heat treatment which causes a chemical

reaction between the metal and the silicon. Subsequent-

ly, the first water (1) la thinned until the trenches (2a)

and electrical connections (29, 30) are formed on the

free face of the first wafer.
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Description

[0001] The prasent Invention regards a structure for

electricallyconnecting a first body of semiconductor ma-

terial overlaid by a second body of semiconductor ma- s

terial, a composite structure using the electric connsc-

tion structure and a manufacturing process.

[0002] in particular, the invention can be used for elec-

trically connecting a first silicon wafer Incorporating

electronic components to a second silicon wafer inecr- 1Q

porating a mia^mechanrcal structure and/or to the out-

side. The invention can likewise be used for electrically

connecting the first wafer to a third body carried by the

second wafer, as well as for connecting the first wafer

to the outside when the first wafer is covarad by a pro- «

taction structure, and thus Is not directly accessible. An

example of a particular application Is represented by a

micro-electromechanical system Including a first wafer

incorporating a circuit for controlling the parameters de-

fining the state of a micro-electrwnechanieai structure 20

(for example, the position of a microaetuator); a second

wafer incorporating the mtero-electromechanical struc-

ture; and a third wafer forming a cap for protecting the

micro-eleetromechanfcal structure

.

[0003] Various techniques are known for mechanical- &
ly connecting two semiconductor material bodies <see,

for example, Martin A. Schmidt, "Wafer-to-Wafer Bond-

ing for Microatructure Formation", Proceedings of the

IEEE, Vol. 85, No, S, August 1 998). However, such tech-

niques do not enable two or three wafers to be alectri- 30

cally connected. In addition to be mechanically connect-

ed, or covered components of one of the wafers to be

electrically accessed,

(00041 The aim of the present invention Is to provide

a connection structure that enables semiconductor ma- 35

terial bodies made on different substrates to be overlaid

and to be connected mechanically and electrically to-

gether and to the outside.

[0005] According to the present Invention an electric

connection structure, a composite structure, and a proc- ^
esa tor manufacturing a composite structure are provid-

ed, as defined in Claims 1 , 1 2, and 22, respectively,

[0000] For a better understanding of the present in-

vention, preferred embodiments thereof are now de-

scribed, merely to provide non-limiting examples, with *s

reference to the attached drawings, wherein:

- Figures 1 and 2 are cross-sections through a sem-

iconductor material wafer, in two successive man-

ufacture steps, according to a first embodiment of SO

the Invention;

- Figure 3 shows a cross-section through the wafer

of Figure 2, after bonding to a second semiconduc-

tor material wafer;

- Figure 4-6 show a cTOss-secHon of the multiwafer 55

structure of Figure 3, In successive manufacture

steps j

. Figure 7 is a perspective view of the left-hand half

of the multiwafer structure of Figure 8;

Figure 8 shows a cross-section of the multiwafer

structure of Figure $, in a final manufacture step;

. Figures 9»11 show a crosa-sectlon of a mlcro-elec-

tramechanlcal system according to a second em-

bodiment of the invention;

* Rgure 12 shows a cross-section of a composite

structure termed starting from three semiconductor

material substrates, according to a third embodi-

ment of the invention;

* Figures 1 3 and 14 show cross-sections of a semi-

conductor material wafer, In two successive manu-

facture steps according to a fourth embodiment of

the Invention;

- Figure 1 5 shows a cross-section of the wafer of Fig-

ure 14 after bonding to a second semiconductor

material wafer;

- Figure 16 shows a cross-seotlon of a composite

structure obtained from the double water of Figure

1 5, In a subsequent manufacture step;

- Figure 1 7 shows a cross-section of a compositewa-

fer, according to a fifth embodiment of the invention

;

and

Figures 1B and 1 9 show cross-sections of a com-

posite wafer, according toa sixth embodiment ofthe

invention, in two successive manufacture steps.

[0007] Figures 1 -8 show a first embodiment of a proc-

ess for manufacturing a mlcro-electromechanlcal sys-

tem including a control and sensing circuitry and a mi-

cro-electromechanical sensor, for example an aoceler-

ometfio sensor.

[0008] Initially, Figure 1 . a firsi wafer 1 of semiconduc-

tor material, typically P** or N** doped monociystaiCne

silicon, sectioned along two parallel half-planes, so as

to show different areas In the left-hand half and in the

right-hand half, is masked and etched to form first deep

trenches 2a. For example, the first wafer 1 may have a

conductivity of between 5 and 1 5 mflVcm, preferably 1

0

mn/em. Asshown in Rgure 2, the first trenches 2a have

a closed shape and enclose monocryatall Ine silicon plug

regions 3 intended to form through connections, as ex-

plained more clearly hereinafter.

[0009] Subsequently, the first trenches 2a are filled,

either completely or partially, with Insulating material 6,

for Bxample silicon dioxide. To this end, a silicon dioxide

layer is deposited or grown, and is subsequently re-

moved from a first surface 7 of the first wafer 1 1 to obtain

the structure shown In Figure 2.

[001 0] Next, Figure 3, the first wafer 1 ia banded to a

second wafer 10 comprising a monocrystanine silicon

substrate 11 and an Insulation and/or passivation layer

12. In particular, the substrate 11 houses conductive

and/or Insulating regions forming electronic compo-

nents for biasing the accelerometrlc sensor 8 and for

detecting and processing electrical signals generated

by the accelerometrlc sensor 8. As an example, Figure

3 shows conductive regions 15-16 of the N/P-type be-

2
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longing to an electronic circuit 40, which Is shown only

schematically. In addition, the Insulation and/or passh

vatlon layer 1 2 houses metal regions 13, 18, which ter-

minate, at one or both of their ends, with pad regions 1

9

facing the surface 22 of the second water 10.

[001 1] Connection regions 23 are provided on the sur-

faces 22 of the second wafer 1 0, on top of the pad regions

19, and are of ametaJthat Is able to react at a low tem-

perature with the silicon of the first water 1 to form a

gold/silicon eutectic or a metallic sillcide. Typically, the

connection regions 23 are made of go*d, In the case

where the aim Is to obtain a eutectic, or of a metal cho-

sen from among the group comprising palladium, titani-

um, and nickel, In the case where the aim Is to obtain a

silidde. Bonding regions 24 are also provided on the

surface 22 and are preferably formed at the same time

as the connection regions 23.

[001 2] For bonding the firstwafer 1 to the second wa-

fer 1 0, the first wafer 1 is turned upside down so that the

first surface 7 of the first wafer 1 faces the second wafer

1 0. The plug regions 3 of the first wafer 1 are brought

Into contact with the connection regions 23 of the sec-

ond wafer 1 0, and subsequently a heattreatment at low

temperature, for example 350-450°C, is carried out for

a period of 30-45 min„ so that the metal of the connec-

tion regions 23 of the second wBfer 10 react with the

silicon of they plug regions 3 and form a metallic silicide

which bonds the first and the second wafers 1, 10.

Thereby, a double wafer 25 is obtained, as shown in Fig-

ure 3.

10O13] Subsequently, Figure 4, the first wafer 1 is

thinned from the back mechanically, for example by

grinding, preferably so as to obtain a thickness of 30-40

ym. The first wafer 1 then has a second surface 26 op-

posite to the first surface

[001 4] Next, Figure 5, a metal layer (tor example, an

aluminum layer) Is deposited and defined, so as to form

metal regions 27 extending above the plug regions 3

and In direct electrical contact with the latter,

fpoi 5J Subsequently, the first wafer 1 is masked and

etched so as to form second trenches 2b defining an

acceleromatrlc sensor B. In particular, as may be seen

in Figures 6 and 7, the second tranches 2b separate e

mobile region (farming a rotor 4) and a Rxed region

(forming a stator 5) from the rest of the wafer 1 and from

one another. The rotor 4 Is connected, through elastic^

connection regions (also referred to as springs 31) to

fixed biasing regions 32, which are set In areas corre-

sponding to respective connection regions 23, connect-

ed, throughthe metallic regions 1 3, to the plug regions 3.

[001 6] Next, Figure 8, a cap element 34 is fixed to the

wafer 1 through adhesive regions 38, In a perse known

manner, and then the double wafer 25 Is cut into Indi-

vidual dice. Finally, the metal region 27 is contacted ap-

plying the usual wire-bonding technique.

[0017] Thereby, the connection regions 23 ensures

mechanical connection between the monocrystaltlno sil-

icon wafers 1 and 1 0 and electrical connection between

the surface 22 of the second wafer 1 0 and the plug re-

gions 3. In turn, the plug regions 3 allow the second wa-

1er 10 to be contacted from above. In particular, some

plug regions 3 enable the second wafer 1 0, not directly

s accesslblefromthefront.tobeconnectedtolhftoutslde,

without requiring costly processes to be carried out from

the back. In addition, as is shown In the left-hand half of

Figure 8, this solution also enables connection of re-

gions formed In the first wafer 1 to the outside. Here the

10 rotor 4 Is connected to the outside through a first con-

nection region 23 (beneath the biasing region 32), a

metal region 13, a second connection region 23 (be-

neath the plug region 3), and the plug region 3. The plug

regions 3 are insulated by insulation regions formed by

is the insulating material $ and possibly by the air present

In the first deep trenches 2a, and are thus electrically

insulated from the rest of the first wafer 1 ,
except, obvi-

ously, for the regions connected to them via electric con-

nection lines 30.

20 [0018] With the solution of Figures 1-S a pressure

sensor, Instead of an aecelerometric sensor, may be

[0019] Figures 9-11 show a second embodiment of

the Invention regarding a unit for micro-metric regulation

25 of the read/write head of a hard-disk driver, in detail, in-

ItiaHy the same steps are carried out as described pre-

viously with reference to Figures 1-4. After thinning the

first wafer 1 , an oxide layer 35 Is deposited and removed

selectively at the plug regions 3 to farm openings 28.

30 The second trenches 2b are then formed through the

oxide layer 35 and through the wafer 1.

[0OZ0] Subsequently, an insulating layer 38 Is depos-

ited, for example a stick fori which does not enter the

second trenches 2b. The Insulating layer is removed

35 from above the openings 28, and metal connection re-

gions are formed by depositing and defining a metal lay-

er. In particular, In the illustrated example the metal layer

fills the openings 20, where It forms contacts 29- In ad-

dition, an electric connection line 30 is formed and ex-

40 tends from the contact 29 arranged above the plug re-

gion 3 furthest to the right, up to above the rotor 4.

[0021] Subsequently, the composite wafer 25 la cut

into dice, the insulating layer 38 la removed In oxygen

plasma, and a ceramic body, referred to as slider 41 , is

45 bonded to the rotor 4 In a per se known manner (Figure

11 ). The slider 41 carries a transducer 42 for data read-

ing/writing on a hard disk (not shown) . The transducer

42 Is electrically contacted through connection regions

43, one of which may be seen in Rgure 11, which are

so formed directly on one side of the slider 41 . Each con-

nection region 43 extends from the transducer 42 as far

as a pad 44 In electrical contact with an electric connec-

tion line 30.

IQQZ2] Thereby, the plug region 3 furthest to the right

55 enables electrical connection between the transducer

42 on the slider 41 and the electrical circuit 40, which

can thus transmit to the transducer 42 the data to be

written, or process the sign al picked up by the transduc-

3
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©r 42, In addition, In a known manner, the electrical cir-

cuit 40 controls movement of the rotor 4, and conse-

quently of the 9llder 41 . Finally, a connection via an In-

termediate plug region (not shown) enables connection

of the electrical circuit 40 to the outside, in a way similar

to that illustrated in the right-hand part of Figure 8.

[0023] Consequently, also in this case the plug re-

gions 3 enable connection of non-accessible regions or

the second wafer 1 0 to elements arranged above them

(here, the transducer 42), as well as to the outside.

[00241 Figure 12 shows athird embodiment regarding

the manufacture of circuits or structures to be kept in

vacuum conditions. In the Illustrated example, the wafer

1. after forming the plug regions 3 by digging the first

trenches 2a and Ailing them with insulating material B,

has been bonded to a second wafer 1 0, wherein a filter

4a has been previously made, for example of the band-

pass type for high frequencies. The first wafer 1 is bond-

ed to the second wafer 1 0, not only through the connec-

tion regions 23, but also through a sealing region 49

Which extends between the firstwaFer 1 and the second

wafer 10, and completely surrounds the area in which

the filter 45 is formed, as well as the plug regions 3. The

sealing region 49 Is, for example, made using a low-

melting glass and has a closed shape. If bonding of the

first wafer 1 and second wafer 1 0 is carried out in a low-

pressure environment, the filter 4B remains vacuum en-

capsulated.

[0025] Next, the first wafer 1 is thinned as described

above, and the double wafer 1, 10 is cut Into dice 50.

The dice 50 are then bonded to a third wafer 51 which

houses a circuit 52 and which has previously been pro-

vided with connection regions 23a similarto the connec-

tion regions 23. The thinned side of the first wafer 1 fac-

es the third wafer 51, and the plug regions 3 must be

aligned 1o the oonnactlan regions 23a.

[0025] I n this case, the first wafer 1 , in addition to pro-

tecting and isolating the filter 48 from the outside envi-

ronment and maintaining it in vacuum conditions, ena-

bles Its electrical connection with the circuit 52 incorpo-

rated In the third wafer 51 . In addition, It Is possible to

carry out electrical testing of the circuit 52 connected to

the filter 48 at the wafer level (EWS-Eleetrlc Wafer Sort

test).

[0027] Figures 13-16 show a fourth embodiment of

the Invention. According to Figure 13, Initially the first

wafer 1 comprises a substrate 53 accommodating first

trenches 72a?
and the first trenches 72a are filled with

insulating material 78 to insulate first plug portions 73,

In a way similar to that described with reference to Fig-

ure 1 for the plug regions 3. Then a sacrificial layer 54,

for example of silicon dioxide, is deposited or grown,

then Is masked and etched so as to form openings 55

on tap of the first plug portions 73 and in areas where

anchorages with the structure on top are to be made, as

described hereinafter.

[0028] Su&eequantry (Figure 1 4), a polycrystalllne sil-

icon seed layer Is deposited on top of the sacrificial layer.

54 and in the openings 55, and then a polycrystalllne

silicon epitaxial layer 5B Is grown. In Ihis way, the epi-

taxial layer 56 is in direct contact with the substrate 53

at the openings 55. Next, Inside the epitaxial layer 58

5 third and fourth trenches 60a, 60b are dug, which reach

as far as the sacrificial layer 54.

[0029] In particular, the third trenches 80a delimit sec-

ond plug portions 62 aligned vertically with the first plug

portions 73 in the substrata 53, and the third trenches

10 60a define a desired micromechanical Structure {In the

example Illustrated, a mieroactuator 57 Of the rotating

type, comprising a rotor 58 and astator 59,wtth the rotor

58 supported by springs, which are not illustrated),

[0030] Subsequently, in a Known way, a part of the

« sacrificial layer 54 is removed through the fourth trench-

es 60b. In particular, the sacrificial layer 54 is removed

beneath the rotor 58 to form an air gap 63, and It sub-

stantially remains underneath the stator 59. The sacri-

ficial layer 54 Is removed only to a vary small extent

so through the third trenches BOa, given the different ge-

ometry (thB micromechanical structure Is Formed by thin

regions and/or perforated regions, allowing the sacrifi-

cial layer 54 to be substantially removed; this, Instead,

Is not done through th a tNrd trenches 60a).

25 [0031] Inawaynotshownjtlsthenpossibletoflllthe

third trenches, at least partially, with Insulating material,

In a way similar to thai described for the first trenches

2a of Figure 1

.

[0032] Subsequently (Figure 1 5), the first wafer 1 is

30 turned upside down and bonded to the second wafer 1 0,

Inside which components of the circuit 40 have already

been formed, and on top of which the connection re-

gions 23 have already been made. Also In this case, a

low-temperatuTe heat treatment is carried out to enable

35 a chemical reaction between the silicon of the epitaxial

layer 56, at the second plug portions 82, and the metal

of the connection regions 23. Next, the substrate 53 of

the first wafer 1 is thinned until the insulating material

76 (or at least the bottom of the first trenches 72a) Is

40 reached, an oxide layer 35 Is deposited, the openings

28 are formed in the oxide layer 35, and then second

trenches 72b are made which separate fixed parts from

mobile parts in the substrate 53.

[0033] Next, as has been described with reference to

as Figure 1 0, an Insulating layer (stick foil) is deposited and

selectively removed, and the electrical contacts 29 and

electric connection lines 30 are formed. In Figure 1 6, an

electric connection line 30 connects the portion of the

substrate 53 to which the rotor 58 Is anchored (cap ra-

sa glen 67) to ttie first plug region 73 that la furthest to the

left, thus enabling electrical connection of the rotor 5B

to the circuit 40 through the cap region 67, the first plug

portion 73 on the left, and the second plug portion 62 on

the left. Shown In the right-hand half of Figure 16 Is In-

95 stead the electrical connection between the circuit 40

and the outside, through the second plug portion 62, the

first plug region 73. and the connection region 23 on the

right.

4
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[0034] Subsequently, the Insulating layer is removed,

and a body to be moved, for example a slider slmHar to

the slider 41 of Figure 11 , can be fixed to the cap region

67.

[0035] The solution shown In Figures 1 3-1 6 thus pro-

vides & mlcromechanlcal structure 57 protected by a cap

(cap region 87) and easily connects the circuit 40 both

to the micromechanicai structure 57 and to the outside.

[0036] Figure 17 shows a variation of the structure of

Figure 1 6, in which the rotor 58 is not anchored to the

substrate 53, but is supported by springs (not shown)

and biasing regions 60, similarto the biasing regions 31

,

32 of Figure 7. In addition, the cap region 67 is fixed and

does not have the second trenches 72b. The rotor 58

and stater 59 are connected via connection regions 23

and pad regions 1 9 to metallic regions 13, 1 8 formed in

the second wafer 1 0. The metallic regions 13 are con-

ngcted to the outside (as shown in the left-hand half of

Figure 17) vlafurther connection regions23 aligned With

plug regions 62, 73 formed In the first waler 1 , in a way

similar to that described with reference to Figures 13-1 &,

and via contacts 29. m addition, the metallic regions 1

8

enable connection of the circuit 40 to the stator 59 and,

via plug regions 82, 73 and contacts 29, to the outside,

as shown in the right-hand halt of Figure 17. An insulat-

ing layer 80 covers the surface 2$ of the first wafer 1

.

[0037] Figures 18 and 19 show a sixth embodiment,

In which a micromechanical structure, for example an

accelerornetric sensor 8, Is protected by a cap and elec-

trically connected to the biasing and sensing circuit via

plug regions,

[0038] Initially (Figure 1 8), the first wafer comprises a

substrate 53, which, in contrast to the previous embod-

iments, is not otched to form trenches. On the substrate

53, a sacrificial layBr 64 is deposited and defined, and

ie removed only at openings 55, Next, a polycrystalline

silicon seed layer is deposited, and the epitaxial layer

58 Is grown, as described with reference to Figure 14.

[0039] The epitaxial layer 56 is etched to form fifth

trenches 65a for delimiting second plug portions 64.

Here, the fifth trenches 65a are fined, either partially or

completely, with Insulating material 66, sixth trenches

65b are formed for defining the accelerornetric sensor

8, and the sacrificial layer 54 is partially removed

through the sixth trenches 65b, so as to free the rotor

58 of the accelerornetric sensor 8. As for the embodi-

ment shown In Figures 1--B, the rotor 58 is carried by

the fixed part via springs (not illustrated).

[0040] Subsequently, the first waler 1 is bonded to the

second wafer 10 using the connection regions 23 al-

ready formed on the surface 22 of the second wafer 1 0.

Then the first wafer 1 is thinned by grinding until the de-

sired thickness for the substrate 53. Next, the substrate

53 is selectively removed so as to form a cap region 87

of larger dimensions than the rotor 58, but of smaller

dimensions than the chip housing the circuit 40, ob-

tained after cutting the wafers 1 r 1 0. in this way, the cap

region 87 covers the rotor 58 from the back (protecting

1 962 A1 *

It mechanically), but leaves the plug regions $4 free.

[0041] Finally, the contacts 29 and the electric con-

nection Anas 30 are formed, which, In this embodiment,

contact directly the silicon of the epitaxial layer 54. In

5 particular, in the example Illustrated In Figure 19, an

electric connection line 30 connects a region (not

Shown), arranged Inside the fixed part and is electrically

connected to the rotor 58, to the plug region 64 on the

left, and thus to the circuit 40, A ball-and-wlre conned

io tlononthe right Instead enables connection ofthB circuit

40 to the outside.

[0042] When the accelerometrle sensor 8 is to be kept

at low pressure, for example to reduce friction with sir

during movement, a sealing region 49 may be provided

is which surrounds the area of the accelerometrle sensor

8, then the first water 1 may be bonded to the second

wafer 10 In vacuum conditions, as already described

with reference to Figure 12.

[0043] The advantages of the process and structures

so described are evident from the above, in particular. It la

emphasized that they enable mechanical connection Of

two bodies of semiconductor material, In particular of

monocrystaJIine silicon, arranged on one another, and

at the same time the electrical connection of a structure

85 or circuit formed in the underlying body (covered by the

overlying body) to the outside or to a structure made In

the overlying body; or else, they enable electrical con-

nection ol the underlying body to regions arranged

above the overlying body, without requiring complicated

30 and costly processes to be carried out from the back,

without damaging the structures and circuits already

made, and applying Single manufacture steps that are

commonly used in the manufacture of wafers of semi-

conductor material for forming micro-electromechanical

6 structures.

[0044] The described solutions moreovermake it pos-

sible, when necessary, to isolate preset areas of the un-

derlying body and/or of the overlying body from the out-

side environment, for example to enclose delicate ele-

40 ments in a low-pressure environment, and/or to isolate

and prevent contamination of these elements during

manufacture (for example, cutting semiconductor mate-

rial wafers), during subsequent manipulation steps, and

during use.

45 [0045] Finally, it is clear that numerous modifications

and variationsmay be made to th e connection structure,

the composite structure, and to the manufacture proc-

ess described and Illustrated herein, all falling within the

scope of tha Invention, as defined in the attached claims.

SO In particular, It Is emphasized that the present connec-

tion structure may be used for a wide range of applica-

tions, both for the connection of electronic circuits inte-

grated In two or more different substrates, and for the

connection of mlcro-electromechanlcal structures of

« various kinds to biasing/control/sensing circuits associ-

ated to the mlcro-electromechanlcal structures. Tha

present connection structure may be used for connect-

ing a high number of substrates, according to the re-

5
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qulrements and to general considerations of a mechan-

ical/electrical nature.

Claims

1. An electric connecting structure tor connecting a

First body (10) of semiconductor materia] overlaid

by second body (1) of semiconductor material,

characterized by:
T0

at least one plug region (3; 73, 62; 64) extend-

ing through a portion of said second body (1 )

and made of semiconductor material;

at least one insulation region (2a, 6; 60a, 72a, »
76; 65a. 6$) surrounding laterally said plug re-

gion (3; 73, 62: 64); and

at least one first electromechanical connection

region (23) ot electrically conductive material

arranged between said first body (1 0) and said

second body (1) and in electrical contact with

said plug region (3; 73, 62; 54) and with con-

ductive regions (15-19; 40) of said first body

2. The electric connection structure of Claim 1 ,
char-

acterized in that said ptug region (3; 62, 73) ex-

tends throughout the thickness of said second body

(1 ) and has a first face and a second lace, said first

face being In contact with said first efectromechan- &
leal connection region (23);

and comprising at least one contact region (27; 29;

23a) of electrically conducting material, in contact

with said second face of said plug region.

95

3. The electric connection structure of Claim 2, char-

acterized by an electric connection line (30) ex-

tending above said second body (1) and having a

first and forming said contact region (29).

4. The electric connection structure of Claim 3, char-

acterized In that said electric connection line (30)

has a second end In electrical contact with a con-

ductive region of said second body (1).

AS

5. The electric connection structure of Claim 3, char-

acterized In that said electric connection line (30)

has a second end In el ectrlcal contact with a contact

region (44) formed on a third body (41 ) fixed to said

second body (1).
50

6. The electric connection structure ol Claim 2, for

electrically connecting said second body (1) to a

third body (51) of semiconductor material arranged

on said second body (1 ), characterized in thatsald 55

contact region comprises at least one second elec-

tromechanical connection region (23a) made of a

material resulting from the chemlca reaction of said

32 A1 10

semiconductor material with a metal, said second

electromechanical connection reglons(23a) being

arranged between said second body (1) and said

third body (51).

7. The electric connection structure of Claim 1 ,
for a

second body (1 )
comprising a substrate region (53)

and an epitaxial region (58) arranged on each other

and partially insulated from one another by insulat-

ing regions (54, 63),

characterized in that said plug region (62, 73)

comprises a first plug portion (73) extending

throughout the thickness of said substrate region

(53), and at least one second plug portion (62)

formed inside said epitaxial region (56), said sec-

ond plug portion (62) being aligned and in direct

electrical contact with said first plug portion (73);

said insulation region (60a, 72a, 76) comprises

a first insulation portion (72a, 76) lateraily sur-

rounding said first plug portion (73), and a sec-

ond Insulation portion (60a) laterally surround-

ing said second plug portion (62);

at least one contact region (29) of electrically

conducting material extends on afree face (26)

of said substrate region (53) In electrical con-

tact with said first plug portion (73);

and said second plug portion (62) faces and Is

In direct electrical contact with said first electro-

mechanical connection region (23).

8, The electric connection structure of Claim 1 , for a

second body (1) comprising a substrate region (67)

and an epftaxial region (56) arranged on one anoth-

er and reciprocally Insulated by insulating regions

(54, 63),

characterized in that said substrate region (67)

has a smaller area than said epitaxial region (56),

said plug region (64) extends throughout the thick-

ness of said epitaxial region (56) , is not aligned with

respect to said substrate region (67), and has a first

face and a second face, said first faea being in con-

tact with said first electromechanical connection re-

gion (23), and said second face being In direct coo

tact with at least one electric connection region (30)

of electrically conducting material.

0. The electric connection structure according to any

of the foregoing claims, characterized in that said

Insulation region (2a, 6; 60a, 72a. 76; 65a, 66) com-

prises a trench having a closed shape filled at least

partially with Insulating material (6; 66; 76).

10. The electric connection structure according to arty

of the foregoing claims, characterized In that said

first electromechanical connection region (23) Is

made of a material resulting from the chemical re-

action of said semiconductor material with a metal.

6
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11. Th© electric connection structure according to any

otthe foregoing claims, characterized In that aald

first electromechanical connection region (23) le

made of a metal resulting from the chemical reac-

tion of silicon with a metal chosen from among a 5

group comprising gold, palladium, titanium, and

nickel.

12. A composite structure comprising a first body (1 ) of

semiconductor material, a second body (10) Of «

semiconductor material arranged on aald first body

(1), and an electric connection structure, charac-

terized in that said electric connection structure is

formed according to any of Claims 1-1 1

.

13. A composite structure comprising a first body (10)

of semiconductor material, a second body (1) of

semiconductor material arranged on said first body

(1 0), and an eiectric connection structure according

to Claim 2. characterized in that said first body so

(10) houses an electronic circuit (15-19; 40), and

a aid second body (1) houses a micro-electrome-

chanical device (8; 57) comprising a fixed part (1.

5. 32; 56, 59, 68) and a mobile part (4; 58) separated

from each other by at least one delimitation trench 25

(2b) extending through said second body (1).

14. The composite structure of Claim 13, character-

ized in that en external electric connection wire is

bonded to said contact region (29). so

15. The composite structure of Claim 13, character-

ized in that said electric connection structure com-

prises an electric connection line (30) extending

above said second body (1 ) and having a first end &
forming said contact region (29), and a second end

In electrical contact with said micro-electromochan-

leal device (8; 57).

16. The composite structure of Claim 13, character- «
tzed by a third body (41 ) fixed to said second body

(1 ), said electric connection structure comprising an

electric connection line (30) having a first end form-

ing said contact region (29) and a second end In

electrical contact with a contact region (44) formed &
on said third body (41).

17. The composite structure of Claim 1$, character-

ized in that said third body (41) is a slider, and in

that said composite structure forms an actuator unit 50

for micrometry position regulation of a hard-disk

driver.

IS, A composite structure comprising a first body (10)

of semiconductor material, a second body (1) of ss

semiconductor material arranged on said first body,

a third body (51 ) of semiconductor material fixed to

said second body, and an electric connection struc-

52 A1 «

tore according to Claim 6, characterized in that

said first body (1 0) and said third body (51) house

a respective electronic circuit (46, $2), said elec-

tronic circuits being connected together through

said plug region (3).

19. The composite structure of Claim 18, character-

ized by a sealing region (49) having adosed shape

and arranged between said first and said second

bodies (10, 1), outside said electronic circuit (48).

20. A composite structure comprising:

a first body (1 0) of semiconductor material;

a second body (1) of semiconductor material

arranged on said first body and comprising a

substrate region (53) and an epitaxial region

(56), overlaid to each other and partially insu-

lated from one another by Insulating regions

(54, 63); and

an electric connection structure according to

Claim 7,

charftCtefSzed In that said epitaxial region (56)

houses a mJcro-electromechenlcal device (57)

comprising a fixed part (59, 66) and a mobile part

(58) separated from one another by at least one de-

li mrtatlon trench (60b) extending through said epi-

taxial region (56). and in that said substrata region

(53) forms a cap region (67).

21. A composite structure comprising:

a first body (1 0) of semiconductor material;

a second body (1) of semiconductor material

arranged on said first body and comprising a

substrate region (67) and an epftaxlal region

(56), overlaid to each other and

insulated from one another by insulating re-

gions (64, 63), said substrate region (67) hav-

ing a smaller area than said epitaxial region

(56); and

an electric connection structure according to

Claim 8,

characterized in that said epitaxial region (56)

houses a mlcro-electromechanlcal device (8) com-

prising a fixed part (59) and a mobile part (58) sep-

arated from one another by at least one delimitation

trench ($5b) extending through saJd epitaxial region

(56), and in that said substrate region forms a cap

region (67) which has larger dimensions than said

mobile part (58) and is fixed to said fixed part (59).

22. A process form anufacturing a composite structure,

characterized by the steps of:

forming at least one plug region (3; 73, B2; 64)

7
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is

surrounded hy an Insulation region (2a, 6; 60a,

72a. 76; B5a, 66) extending through a first wafer

(1) of semiconductor material;

forming at least one electromechanical-con-

nection region (23) of conductive material on a

second wafer (10) of semiconductor material,

and aligned with said plug region;

bringing said first wafer (1 ) and said second wa-

fer (10) dose together, bringing said plug re-

gion (3; 73, 62; 64) Into contact with said elec-

tromechanical-connection (23); and

fixing said first water and said second wafer

through said electromechanical connection re-

gion.

23. The process of Claim 22, characterized by the

steps of:

Initially forming said insulation region (2a, 6) in

said first wafer (1), said Insulation region par-

tially extending inside said first wafer from a

surface (7) of said first wafer and laterally de-

limiting said one plug region (3);

turning said first wafer (1 ) upside down to bring

said surface (7) of said first wafer in a facing &
position With said second wafer (1 0); and

thinning said first wafer (1) until said Insulation

region (2a, $),

24. The process of Claim 23, characterized In that #
said step of forming said insulation region (2a, 8)

comprises the steps of;

forming isolation trenches (2a) in said first wa-

fer (1); and
55

at least partially filling said isolation trenches

with insulating material (6).

25. The process of Claim 24, characterized by the step

of forming trenches (2b) delimiting a micro-electro- «
mechanical structure (B) In said first wafer (1), and

forming an electronic circuit (13-1Q) In said second

wafer (10) before forming said electromechanical-

connection region.

26. The process of Claim 22, characterized by the

Steps of:

forming a first Insulation portion (72a, 76) of

said Insulation region In a substrate (53) of so

semiconductor material, said first Insulation

portion (72a, 76) partially extending inside said

substrata from a surface of said substrate, and

laterally delimiting a first plug portion (73) of

said plug region;
55

growing an epitaxial layer (56) from said sur-

face of said substrate (53);

lormlng at least one second insulation portion

(60b) of said insulation region in said epitaxial

layer (56), said second insulation portion (60b)

extending throughout the thickness of said epi-

taxial layer and

delimiting a second plug portion (62) of said

plug region which Is substantially aligned and

In electrical contact with said first plug portion

(73):

fixing said second plug portion (62) to said sec-

ond wafer (10);

thinning said substrate (5$) until said first Insu-

lation portion (72a, 76); and

forming contact regions (29, 30) on a free face

of said substrate (53).

27. The process of Claim 22, characterised by the

steps of:

on a substrate (53), growing an epitaxial layer

(56);

forming said insulation region (85a, 66) In said

epitaxial layer (56), said insulation region (65a,

66) extending throughout the thickness of said

epitaxial layer and delimiting said plug region

(64);

forming a device (57) to be protected in said

epitaxial layer (56);

fixing said epitaxial layer (56) of said firstwafer

(1 ) to said second wafer (1 0) through said plug

region (64); selectively removing said substrata

(53) to form a cap region (67) covering said de-

vice (57) to be protected, and freeing said plug

region (64); and

forming contact regions (29, 30) above said

plug region (64).

28. The process according to any of Claims 22-27.

characterized in that said step of fixing said first

wafer (1) to said second wafer (10) is carried out In

vacuum conditions and further comprises the step

of forming a sealing region (49) between said first

wafer (1 ) and said second water (1 0).

29. The process according to any of Claims 22-28,

characterized in that said conductive materia) of

said electromechanical connection region (23) is a

metal, and In that said fixing step comprises the

step of causing said metal of said electromechani-

cal -connection structure (23) to reactwith said sem-

iconductor material of said plug region (3; 62; 64).
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Description

[0001] The present invention regards a structure for

GlectncanvconncciinpHfiralbocfy of semiconductor ma-

larial overlaid by a second body or scmiconduclor mw- *

lerial. a composite structure using the electric connec

tion structure and a manufacturing process.

[0002] I n particular, the inventioncan be used for elec-

trically connecting a first silicon wafer incorporating

electronic components to a second silicon wafer incor- to

porating a microrrtechanical structure and/or to the oui-

side. The invention can likewise be used for electrically

connecting the first wafer to a third body carried by ihc

second wafer, as well as for connecting the first wafer

to the outside when the first wafer is covered by a pro- «

lection structure, and thus is not directly accessible. An

example of a particular application Is represented by a

micro-electromechanical system Including a first wafer

incorporating a circuit forcontroKing the parameters de-

fining the state of a micro-electromechanical structure *Q

(for example, the position of a mteroactuator); a second

wafer incorporating the micro-electmrnechanlcal struc-

ture; and a third wafer forming a cap for protecting the

micro-electromechanical structure.

[0003] Various techniques are known for mechanical- ss

ry connecting two semiconductor material bodies (see,

for example, Martin A. Schmidt, "Wafer-to-Wafer Bond-

ing for Mterostructure Formation", Proceedings of the

IEEE, Vol. B6, No. 8. August 1998). However, such tech-

niques do not enable two or three wafers to be etectrl-

cally connected, in addition to be mechanically connect-

ed, or covered components of one of the wafers to be

electrically accessed.

[0004] The aim of the present invention is to provide

a connection structure that enables semiconductor ma- &
tertal bodies made on different substrates to be overlaid

and to be connected mechanically and electrtoaJry to-

gether and to the outside.

[0005] According to the present invention an electric

connection etructu re,a composite structure,and a proc- 40

ess tor manufacturing a composite structure are provid-

ed, as defined In Claims 1.12. and 22, respectively.

[0006] For a better understanding of the present In-

vention, preferred ernbodlments thereof are now de-

scribed, merely to provide non-Umttfng examples, with

reference to the attached drawings, wherein:

Figures 1 and 2 are cross-sections through a sem-

iconductor material wafer, In two successive man-

ufacture steps, accordng to a first embodiment of 50

the invention;

Figure 3 shows a cross-section through the wafer

of Figure 2, after bonding to a second semiconduc-

tor material wafer;

- Figure 4-6 show a cross-section of the muttlwafer

structure of Figure 3. In successive manufacture

steps;

Figure 7 is a perspective view of the left-hand half

of the multiwafer slruclure of Figure $;

Figure 8 shows a cross-section of the multiwafer

structure of Figure 6. in a final manufacture step

Figure? 9-11 show a cross-section of a micro-elec-

tromechanical system according lo a second em-

bodiment of the invention;

Figure 12 shows a cross-section of a composite

structure formed starting from three semiconductor

material substrates, according to a third embodi-

ment of the invention;

Figures 13 and 14 show cross-sections of a semi-

conductor material wafer, in two successive rnanu-

facture steps according lo a fourth embodiment of

the invention;

- Figure 15 shows a cross-section of the water of Fig-

ure 14 after bonding to a second semiconductor

material wafer;

Figure 16 shows a cross-section of a composite

structure obtained from the double wafer of Figure

15, In a subsequent manufacture step;

Figure 1 7shows a cross-section of a composite wa-

fer, according to a fifth embodiment of the invention;

and

Figures 18 and 19 show cross-sections of a com-

poette wafer, according to a sixth embodiment ofthe

invention, In two successive manufacture steps.

[0007] Figures 1 -8 show a first embodiment of a proc-

ess for manufacturing a micro-electromechanical sys-

tem Including a control and sensing circuitry and a mi-

cro-electromechanicai sensor, for example an acceler-

ometric sensor.

[000$) Initially, Figure 1 . a firstwafer 1 of semiconduc-

tor material, typically P++ or doped monocrystall ine

silicon, sectioned along two parallel half-planes, so as

to show different areas In the left-hand half and in the

right-hand half, is masked and etched to form first deep

trenches 2a. For example, the first wafer 1 may have a

conductivity of between 5 and 15 mQ/cm, preferably 1

0

movem. As shown In Figure 2, the firsttrenches 2a have

a closed shape and enclose moriocrystaUlne silicon plug

regions 3 intended lo form through connections* as ex-

plained more dearly hereinafter.

[0009] Subsequently, the first trenches 2a are filed,

either completely or partially, with Insulating materteJ 6,

for example silicon dioxide. "To this end, a silicon dioxide

layer is deposited or grown, and Is subsequently re-

moved from afIrst surface 7 oft^Jcst wafer 1 to obtain

the structure shown In Figured.

P010J Next, Figure 3. the first wafer 1 Is bonded to a

second wafer 10 comprising a monocrystalllne slteon

substrate 11 and an Insulation and/or passivation layer

12. In particular, the substrate 11 houses conductive

and/or insulating regions forming electronic compo-

nents for biasing the exx^erometric sensor 6 and for

detecting and processing electrical signals generated

by the aocGiorometdc sensor B. As an example. Figure

3 shows conductive regions 15-16 of the N>P-type be-

2
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longing to an electronic circuit 40. which is shown only

schematically. In addition, the insulation and/or passi-

vation layer 12 houses metal regions 13. 18. *hich ter-

minate al one or both o! their ends wtih pad regions 1

3

facing tho surface 22 ol the second waler 10

[001 11 Connection regions 23 are provided on the sur-

face 22 ofthe second wafer 1 0, on top of the pad regions

19 and are of a metal that Is able to react at alow tem-

perature with the silicon of the first wafer 1 to form a

old/silicon eutopic or a metallic sIRclde. Typically, the

connection regions 23 arc made of gold, in the case

where the aim is to obtain a eutectic, or or a metal oho-

sen rrorn among the group comprising palladium, titani-

um and nickel. In the case where the aim is to obtain a

fiiftcW Bonding regions 24 are also provided on the

surface 22 and are preferably formed at the same time

as the connection regions 23,

[00121 For bonding the first wafer 1 to the second wa-

f*r10 the firsiwafer 1 1s turned upside down so thai the

first surface 7of the first wafer 1 faces the second wafer

10 The plug regions 3 of the first wafer 1 are brought

Into contact with the connection regions 23 of the sec-

ond wafer 1 0, and subsequently a heat treatment at tow

temperature, for example 350-150-C, is carried out tor

a pertod of 30-45 mm., so that the metal of the connec-

tion regions 23 of the second wafer 10 react with the

silicon of they plug regions 3 and form a metallic silteide

which bonds the first and the second wafers 1. 10.

Thereby, a doublewafer 25 is obtained, as shown in Fig-

ure 3.

[0013] Subsequently. Figure 4, the first waler 1 is

thinned from the back mechanically, for example by

grinding, preferably so as to obtain a thickness of 30-40

ujm. The first wafor 1 then has a second surface 26 op-

posite to the first surface

5)0141 Next, Figure 5. a metal layer (for example, an

aluminum layer) Is deposited and defined, so as to form

metal regions 27 extending above the plug regions 3

and in direct electrical contact wth the latter.

[0015] Subsequently, the first wafer 1 Is masked and

etched so as to form second trenches 2b defining an

accelerometnc sensor 0. In particular, as may be seen

in Figures 6 end 7. the second trenches 2b separate a

mobile region (forming a rotor 4) and a fixed region

ffomilngastalorS)tromtherestofthewafer1 andfrorn

one another. The rotor 4 is connected, through elastic-

connection regions (also referred to as springs 31) to

fixed biasing regions $2. which are set in areas corre-

sponding to respects coririectlon retfons 23, connect-

eoTthrc^themetate

[0016] Nextf
Bgure8t

acapelernent34tefixedtome

wafer 1 through adhesive regions 36. In aperee known

manner, end then the double wafer 26 is cut mtolndi-

vfdual dice. Finally, the metal region 27 Is contacted ap-

plying the usual wire-bonding technique.

10017] Thereby, the connection regions 23 ensures

mechanbal connection between themonocrystaWne sil-

icon wafers 1 and 1 0 and electrical connection between

the SurtAce 22 ol Ihe second wafer 10 and the plug ro-

oions 3. in turn, me plug regions3 allow the second wa .

rer 10 to be contacted from above. In particular. somo

plug regions 3 enable the serond wafer 10. «oi directly

s accessible from tho front, lobe connected to me outside,

without requiring costly processes to be carried out from

the back. In addition, as is shown in the left-hand half of

Figure 8, this solution also enables connection of re-

gions formed in the first wafer 1 to the outside. Here the

to rotor 4 is connected to the outside through a first con-

nection region 23 (beneath the biasing region 32), a

metal region 13
:

a second connection region 23 (be-

neath the plug region 3), and the plug region 3. The plug

regions 3 are insulated by insulation regions formed by

is the insulating materiel 6 and possibly by the air present

in the first deep trenches 2a, and are thus electrically

Insulated from the rest of the first wafer 1 ,
except, obvi-

ously, forthe regions connected to them vta electriccon-

nection lines 30.

20 [00181 With the solution of Figures 1-8 a pressure

sensor, instead of an accelerometric sensor, may be

formed. L
[0019] Figures 9-11 show a second embodiment of

the invention regarding a unit for mlcrometric regulation

25 of the read/write head of a hard-disk driver. In detail, in-

itially the same steps are-carried out as described pre-

viously with reference to Figures 1-4, After thinning the

firstwafer 1 . en oxide layer3S Is deposited and removed

selectively at the plug regions 3 to form openings 28.

30 The second trenches 2b are then formed through the

oxide layer 35 and through the wafer 1.

[0020] Subsequently, an insulating layer 38 is depos -

ited for example a stick foil which does not enter the

second trenches 2b. The Insulating layer Is removed

35 from above the openings 28, and metal connection ^
glons areformed by depositing and defining a metal lay-

er tn particular, In the Btustrated examplethe metal layer

fills the openings 28, where n forms contacts 29. In ad-

dition, an electric connection SneSOls formed and ex-

40 tarxislnvn the contact 29 ar^

oion 3 furthest to the right, up to above the rotor 4.

100211 Subsequently, the composite wafer 25 is cut

*lo dice, the insulating layer 38 is removed In oxygen

plasma, and a ceramic body, referred to as siWer41, te

as bonded to the rotor 4 In a perse known manner (Figure

11) "The slider 41 carries a transducer42tor data read-

ing/writing on a b*rd disk (not shown) .
^transducer

42 is electrically contacted
}i»r^^n^\onre^s

43, one of which may be seen h Figure 11 are

so formed directly on one side of the siWar 41

.

paction region 43 extendsfrom the transducer 42 e* far

as apad 44 In electrical contact wtth an electric connec-

tion Rne 30.
^ _^ -rtM

(00221 Tncreby. the plug region 3 furmest to the right

55 enables electrical connection **^^t™**™
42 on the slider 41 and the electrical circuit 40. *t»k*

can thus transmtt to the transducer 42 the data to w>

written, or process the signal picked up by the transduc-

3
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er 42. In Add-on, in a known manner. Iho electrical cir-

cui! 40 controls movement of the rotor 4. and conse-

quently of the slider 41. Finally, a connection via an in-

termediate plug region {not shown) enables connection

ol me electrical circuit 40 to the oulsidc m a way similar

lo that illustrated in the righl-hand pari of Figure 8.

[0023] Consequently, also in this case the plug re-

gions 3 enable connection of non-accessfole regions of

the second wafer 10 to elements arranged above them

(here, the transducer 42), as well as to the outside.

[00241 Figure 12 shows a third embodiment regarding

the manufacture of circuits or structures to be kept in

vacuum conditions. In the illustrated example :
the wafer

1, after forming the plug regions 3 by digging the Hrst

trenches 2a and filling them with Insulating material 6,

has been bonded to a second wafer 10. wherein a fitter

48 has been previouslymade, for example of the band-

pass type for high frequencies. The first wafer 1 1s bond-

ed to the second wafer 1 0. no! only through the connec-

tion regions 23. but also through a sealing region 49

which extends between the flrat wafer 1 and the second

wafer 10, and completely surrounds the area In which

the fitter 4a is formed, as well as the plug regions 3, The

sealing region 49 Is, for example, made using a low-

melting glass and has a closed shape. If bonding of the

first wafer 1 and second wafer 10 Is carried out in a tow-

pressure environment, the filter48 remains vacuum en-

capsulated.

(0025] Next, the first wafer 1 Is thinned as described

above, and the double wafer 1 , 10 is cut Into dice SO.

The dice SO are then bonded to a third wafer 51 which

houses a circuit 52 and which has previously been pro-

vided with connection regions 23a similar to the connec-

tion regions 23. The thinned side of theflrst wafer 1 fac-

es the third wafer 51 , and the plug regions 3 must be

aligned to the connection regions 23a.

[0026] In this case, thefir&t wafer 1 . in addition to pro-

tecting and Isolating the fitter 46 from the outside envi-

ronment and maintaining tt In vacuum conditions, ena-

bles Its' eJectrlcsJ connection wtth the circuit 62 Incorpo-

rated in the third wafer 51 . In addition, tt is possible to

carry out electrical testing of the circuit 52 connected to

the filter48 at the wafer level (EWS-Electric Wafer Sort

test).

[0027] figures 13-1S show a fourth embodiment of

the invention. According to Figure 13, Initially the first

wafer 1 comprises a substrate 53 accommodating flrat

trenches 72a, and the first trenches 72a are filled with

Insulating material 7B to insulate first plug portions 73.

in a way similar to that described wtth reference to Fig-

ure 1 for the plug regions a. TTten .aeecrfflcta! layer £4,

for example of cflfeon dioxide, Is deposited or grown,

then Is masted and etched so hs to form openings 65

on top of the first plug portions 73 and in areas where

anchorages wth the structure on top are to be made, as

described hereinafter.

[00201 Subsequently (Figure 14). a corycryetafline sil-

icon seed layerIs deposited ontop ofthe sacrtftotal layer.

1 962 A1 fi

54 and m (he openings 55, And then a potycrysuillnc

silicon epitaxial layer 56 is grown, in ihis way. the epi-

taxial layer 5fi is in direct contact with the substrate 53

Hi the oponrngs 55. Nexl. ms<de the epitaxial Inyo? $6

» third and fourth trenches 60a. 60b are dug. which reach

as far as the sacrificial layer 54.

[00291 In particular, the third trenches 60a delimit sec-

ond plug portions 62 aligned vertically with the first plug

portions 73 In the substrate 53. and the third trenches

io 60a define a desired micrDmechenical structure (In the

example illustrated, a microactuator 57 of the rotating

type, comprising a rrtor 58 and a stalor 59, with the rotor

58 supported by springs, which are not Illustrated).

[0030] Subsequently, In a known way, a part of the

i5 sacrificial layer54 is removed through the fourth trench-

es 60b. In particular, me sacrificial layer 54 Is removed

beneath the rotor 58 to form an air gap 63, and It sub-

stantially remains underneath the stater 6©. Trie sacri-

ficial layer 54 Is removed only to a very small extent

20 through the third trenches 60a, given the different ge-

ometry (the rnteromechanteal structure Is formed by thin

regions and/or perforated regions, allowing the sacrifi-

cial layer 54 to be substantially removed; this, Instead,

is not dona through ths third trenches 60a).

25 [0031 1 In a way not shown, it Is then possible to fill the

third trenches, at least partially, wtth Insulating material.

In a way similar to that described for the frrst trenches

2a of Figure 1.

£0032] Subsequently (Figure 15), the first wafer 1 is

so turned upside down and bonded to the second wafer 1 o

,

inside which components of the circuit 40 have already

been formed, and on top of which the connection re-

gions 23 have already been made. Also in this case, a

low-temperature heat treatment is carried out to enable

3s a chemical reaction between the silicon of the epitaxial

layer 56, at the second plug portions 62, and the metal

of the connection regions 23. Next, the substrate 53 of

the first wafer 1 Is thinned until the insulating material

76 (or at least the bottom of the first trenches 72a) Is

40 reached, an oxide layer 35 Is deposited, the openings

20 are formed In the oxide layer 35, and then second

trenches 72b are made which separate fixed parts fmm
mobile parts In the substrate 53.

[0033] Next, as has been described with reference to

4s Figure 1 0, an Insulating layer (sttakfoil)b deposited and

selectively removed, and the electrical contacts 28 and

electric connection lines 30 are formed. In Figure 16, an

electric connection line 30 connects, the portion of the

substrate S3 to which the rotdPSfrfe anchored (cap re-

so gton 67) to the first phig region 73 that to furthest to the

left, thus enetting electrical connection of the rotor 56

to the circuit 40 through the cap region 67, the firstplug

portion 73 on the left, and the second plug portion 62 on

the left. Shown In me right-hand half of Figure 16 ts in-

55 stead the electrical connection between the clrcutt 40

and the outside, through the second plug portion 62, the

first plug region 73. andthe connection region 23 on the

right.

4
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<0Q34] Subsequently, the insulating layer is removed,

and a body to be moved, for example a slider similar to

the slider 4 1 ol Figure 1 1 . can be fixed to the cap region

(00351 The solution shown in figures 13-16 thus pro-

viqe8amieromech*ntealstructure57prolBctedbvac3p

(cap region 67) and easHy connects the circuit 40 both

Mho mteromechanlcal structure 57 and to the outside

r00361 Figure 1 7 shows a variation of the structure of

Figure 16, in which the rotor 58 is not anchored to the

substrate 53. but ts supported by springs (not shown)

and biasing regions 60. similar to the biasing regions 31

32 of Figure 7. In addition, the cap region 67 is fixed and

does not have the secend trenches 72b. The rotor 5*

and etator 59 are connected via connection regions 23

and pad regions 19 to metallic regions 13. 18formed in

Si Lond wafer 1 0. The metallic regions 13 are con-

nected to the outside (as shown m the left-hand half of

Figure 1 7) via furthereonnectlon
regions 23 aligned with

plig regions 62. 73 formed In the first wafer 1 ,
In a way

similar to that described with reference
to Figures 13-18

and via contacts 29. In addition, the metallic regions 16

enable connection of the circuit 40 to the etator 50 and,

via plug regions 62, 73 and contacts 28, to the outside,

w shown in the right-hand half of Figure 17. An .rat-

ing layer 80 covers the surface 26 of the first wafer 1

.

100371 Figures 1 8 and 19 show a sixth embodmnent,

in which a mlcromechanlcal structure, for example an

accelerometrie sensors, is protected by a cap and eteo-

tricalV connected to the biasing and sensing circuit vie

plug regions.

100381 Initially (Figure 1 8). the first wafer comprises

a

substrate S3, which, in contrast to the previous embod-

iments is not etched to form trenches. On the substrate

63, a sacrificial layer 54 Is deposited and defined, and

is removed only at openings 55. Next* Poly«ysta^ne

silicon seed layer is deposited, and the epltarfal layer

gels grown, as described with reference to Figure 14^

100391 The epitaxial layer 68 Is etched to form fifth

trenches 65a for delimiting second plug portions 64.

Here the fifth trenches 65a are filled, either partially or

completely, with insulating material 66, sixth trenches

65b are formed tor defining the accelerometrie sensor

8 end the sacrificial layer 64 Is partially removed

through the sixth trenches 65b. so as to <™*°™°r

sa of the ecceierometrte sensor 8. As tor the embodi-

ment shown m Figures 1-8. rotor 58 Is carried by

the fixed part vis springs (not"l**™^)-

[00401 SubsequcntJy.thefirstwaferl te bonded to the

second wafer 10 using the connection regions 23 al-

rUdy formed on the surface 22 of the "^"dwafer «•

Then the first wafer 1 is thinned by grinding until the de-

sired thickness forthe substrate 63. Next, the substrate

63 Is selectively removed so as to form a cap region 67

of taraer dimensions than the rotor 68, but of smaller

dimensions than the chip housing the circuit 40. ob-

tained after cutting the wafers 1 . 10. in this way. the cap

region 87 covers the rotor 58 from the back (protecting

i, mechanically), but leaves the plug regions 64 tree.

[00411 Finally, the contacts 29 and the electric con-

nection tines 30 are (ormed. which, in this embodiment,

contact direclly the silicon of the epitaxial layc- n

s particular, in the example illuslraied in Figure 19. an

electric connection line 30 connects a region (not

shown), arranged inside the fixed part and is electrically

connected to the rotor SB, to the plug region 64 on the

left and thus to the circuit 40. A batl-and-wire connec-

10 tion on Ihe right instead enables connection of the circuit

40 to the outside.

[00421 When the accelerometrie sensor 8 is to be kepi

at low pressure, for example to reduce friction with air

. during movement, a sealing region 49 may be provided

rs which suiTounds the area of the accelerometrie sensor

6 then the first wafer i may be bonded to the second

wafer 10 m vacuum conditions, as already described

with reference to Figure 12.

[0043] The advantages of the process and structures

so described are evident from the above. In particular, it Is

emphasized thatthey enable mechanical connection of

two bodies of semiconductor material, In particular of

monocrystaUine silicon, arranged on one enother, and

at the same time the electrical connection of e structure

gs or oiroult formed in the underlying body (covered by the

overtytng body) to the ouftHe or to n structure made in

the overtylng body; or else, they enable electrical con-

nection 0f the underlying body to regions arranged

above the overtylng body, without requiring complicated

so and costly processes to be cairled out from the back,

without damaging the structures and circuits already

made, and applying single manufacture steps that are

commonly used in the manufacture of wafers of semi-

conductormateriai for forming mlcro-electromechan.eal

35

roolM^The described solutions moreovermake Itpos-

efele,when necessary, to^ej^eU*^^™-
dertytng body and/or of the^^^f™^°£
awe environment, for example to«^^^£r

40 mems m a low-pressure environment, and/or to teotete

and prevent contamination of these elements during

manufacture (for example, cutting aerr^uot^mate-

rial wafers), during subsaguent
manipulation steps, end

45 pM51 ^Finally, ft is clear that

end variations may be made to the connection structure.

the composite structure. and to the™?*°^^
ess <»escdbeda«llliu«tratedhWft«tl

faillngwlmlnthe

scope ofthe invention, as definedinthealtt^ola*™.

so ^particular, * »* emphasized that*eP"^^""^
ton structure may be used for a wide mn^appllca-

tlene, both forthe connection of oiecWntechculU^me-

grated in two or more different substrates, and'ortho

connection of '^^^r0n^^'^T ôZ[
as various kinds to blasmg^ntre^enslng dr«hs

atod to the mk^o-etectromechantcal s^uett!^ The

present connection structure may be ue^ for oonno^

Kg a high number of substrates, according to tne re
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quiremenis *nd lo general considerations of * mechan-

ical/electrical nature.

Claims

1. An electric connecting structure for connecting a

first body (10) of semiconductor material overlaid

by second body (1) of semiconductor material,

characterized by:

at least one plug region (3; 73, 62; 64) extend-

ing through a portion of said second body (1)

and made of semiconductor material;

at least one insulation region (2a, 6; 60a, 72a,

76; 6Sa, 66) surrounding laterally said plug re-

gion (3; 73, 62; 64): and

at least one first electromechanical connection

region (23) of electrically conductive material

arranged between said first body (1 0) and said

second body (1) and to electrical contact with

said plug region (3; 73. 62; 64) and wTth con-

ductive regions (15-19; 40) of said first body

(10).

a. The electric connection structure of Claim 1, char-

acterized In thnt said plug region (3; 62. 73) ex-

tends throughout the thickness of said second body

(1 ) and has a first face and a second face, said first

face being in contact with said first electromechan-

ical connection region (23);

and comprising at least one contact region (27: 29;

23a) of electrically conducting material, in contact

with said second face of said plug region.

3. The electric connection structure of Claim 2, ©har*

acterfced by an electric connection line (30) ex-

tending above saW second body (1) and having a

first end forming said contact region (2©).

4. The electric connection structure of Claim 3, char-

acterized tn that said electric connection line (30)

has a second end in electrical contact with a con-

ductive region of said second body (1).

5. The electric connection structure of Claim 3
P
char-

acterized In that said electric connection line (30)

has a secondend in electrical contact with a contact

region (44) formed on a tHrd body (41) fixed to said

second body (1).

c. The electric connection structure of Claim 2, for

electrically connecting said second body (1) to a

third body (51 ) of semiconductor material arranged

on said second body (1), characterized Inthatsaid

contact region comprises at least one second dec-

tromechanlcaJ connection region (23a) made of a

material resulting from the chemlca reaction of said

semiconductor mmsnal with * mGteil, said second

electromechanical connection reglons(23a) being

arranged between said second body (1) and said

ihird body (51)

7. The eieciric conneciion structure of Claim 1. for a

second body (1 ) comprising a substrate region (53)

and an epitaxial region <5G) arranged on each other

and partially insulated from one another by insulat-

10 ing regions {54 63).

characterized In that said plug region (62, 73)

comprises a first plug portion (73) extending

throughout the thickness of said substrate region

(53), and at least one second plug portion (62)

1$ formed inside said epitaxial region (56), said sec-

ond plug portion (62) being aligned and In direct

electrical contact with said first plug portion (73);

said insulation region (60at 72a, 76) comprises

so a first insulation portion (72a
r 76) laterally sur-

rounding said first plug portion (73), and a sec-

ond insulation portion (60a) laterally surround-

ing said second plug portion (62);

at least one contact region (29) of electrically

2S conducting material axtends on a free face (26)

of said substrate region (53) in electrical con-

tact with ealcffirst plug portion (73);

and said second plug portion (62) faces and Is

In direct electrical contact with said first electro-

30 mechanical connection region (23).

8. The electric connection structure of Claim 1 , for a

second body (1 ) comprising a substrate region (67)

and an epitaxial region (56) arranged on one anoth-

35 er and recrprocalry Insulated by Insulating regions

(54, 63).

characterized in that said substrate region (67)

has a smaller area than said epitaxial region (66).

said plug region (64) extends throughout the thick-

40 ness of said epitaxial region (56). Is not aligned with

respect to said substrate region (67), and has afirst

face and a second face, said first face being in con-

tact wtth said first electromechanical connection re-

gion (23). and saidsecond face bemg in direct con-

43 tact wtth at beast one electric connection region (30)

of electrically conducting material.

g. The electric connection structure according to any

of the foregoing clairm^Ramptertood in that said

so insulation region (2a. 6; 60a, 72a, 76} 65a, 66) com-

prises a trench having a closed shape filed at least

partially with Insulating material (6; 66; 76).

10. The electric connection structure according to any

55 of the foregoing claims, characterized kt that said

first etectrorneohanical correction region (23) is

made of a material resuWng from the chemical re-

action of said semiconductor material with a metal.

6
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11 The GlQctric connection structure according to any

of the foregoing claims, characterized in that said

first electromechanical connection region (23) is

made ol a meiai resulting from the chemical reac-

tion ol silicon with a metal chosen from among a

group comprising gold, palladium, titanium, and

nickel.

12. A composite structure comprising a first body (1) of

'

semiconductor material, a second body (10) of

semiconductor material arranged on said first body

(1), and an electric connection structure, charac-

terized In that said electric connection structure is

formed according to any of Claims 1 -11

13. A composite structure comprising a first body (io)

of semiconductor material, a second body (1) of

semiconductor material arranged on said first body

(1 0). and an electric connection structure according

to Claim 2, characterized In that said first body

(10) houses an electronic circuit (1S-19; 40), and

said second body (1) houses a mtero-electrome*

crtanlcal device (8; 57) comprising a fixed pan (1,

5, 32; 56. 59, 68) and a mobile part (4; 58) separated

from each other by at least one delimitation trench

(2b) extending through said second body (1).

14. The composite structure of Claim 13, character-

(zed In that an external electric connection wire Is

bended to said contact region (29).
30

15 The composite structure of Claim 13, character-

ized In that said electric connection structure com-

prises an electric connection line (30) extending

above said second body (1 ) and having a first end

forming said contact region (29), and a second end

in electrical contactwith said mksi^lectfomecnarv

tea) device (6; 67).

16. The composite structure of Claim 13, character-

ized by a third body (41) fixed to said second body

(1 ) , said electric connection structure comprtelng art

electric connection tine (30) having a firstend form-

ing said contact region (29) and a second end In

electrical contact with a contact region (44) formed

on said third body (41).

17 The composite structure of Claim 16, character*
"

feed in thMeattthW body^
thateaW composite structureforms an actuator un*

for rntarometrlc position regulation of a hard-disk

driver.

18. A composite structure comprising a first body (10)

of semiconductor material, a second body (1) of

semiconductor material arranged on said first body,

a third body <S1 ) of semiconductor material fixed to

said second body, and an electric connection struc-

35

40

ture according to Claim 6 characterized in that

said first body (10) and said third body (51) house

a respective electronic circuit {48 5?). said clec^

ironic circuits being connected logcthm ihtough

saitf plug region (3)

19. The composite structure of Claim 18. character-

ized by a sealing region (49) having a closed shape

and arranged between said first and said second

bodies (10, 1), outside said electronic circuit (4B).

20. A composite structure comprising:

a first body (10) of semiconductor material;

a second body (1) °f semiconductor material

arranged on said first body and comprising a

substrate region (63) and an epitaxial region

(56), overlaid to each other and partially Insu-

lated from one another by Insulating regions

(54, 63); and

an electric connection structure according to

Claim 7,

characterized In that said epitaxial region (56)

houses a mloro-eleotrornechantoal device (67)

comprising a fixed* part (59, 68) end a mobile part

(58) separated from one another by at least one de-

limitation trench (60b) extending through said epi-

taxial region (56). and In that said substrate region

(53) forms a cap region (67).

21 . A composite structure comprising:

a first body (10) of semiconductor material;

a second body (1) of semiconductor material

arranged on said first body and comprising a

substrate region (67) and an epitaxial region

(66), overlaid to each other and

Insulated from one another by Insulating re-

gions (54, 63), said substrate region (67) Hav-

ing a smaller area than said epitaxial region

(56); and
an electric connection structure according to

claim 8.

45

50

55 22.

characterized In that said epitaxial region

houses a micro-electromechanical device (6) com-

prising a fixed part (69)*rat*ajOblle part(Sep-
arated from one another by at least one limitation

trench (65b) extending through eald
epitaxial region

(56), end In that eald substrate region form© a cap

region (67) which has larger dimensions than *aW

mobile part (66) end Is fixed to said fixed part (69).

A process for manufacturing acomposite structure,

characterised by the steps of:

forming at least one plug region (3; 73. 62; 64)

7
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surrounded by an insulation region 6; 60a,

72a, 76; 65a, 66) extending through a rirsl wafer

{1 ) of semiconductor materia!

Inrmmg at IghsI one electromechanical-con-

nection region (23) of conduciivc material on n

second wafer <10} ol semiconductor material,

and aligned wild said plug region;

bringing said firstwafer (1 ) and said second wa-

fer (10) dose together, bringing said plug re-

gion (3; 73, 62; 64) Into contact with said elec-

tromechanical-connection (23); and

fixing said first wafer and said second wafer

through said electromechanical connection re

gion.

23. The process of Claim 22, characterized by the

steps of:

Initially forming said insulation region (2a r 6) in

said first wafer (1), saw insulation region par- so

tiatly extending inside said first wafer from a

surface (7) of said first wafer and laterally de-

limiting said one ptug regfon (3);

turning said first wafer (1 ) upside down to bring

said surface (7) of said first wafer in a facing 25

position with saW second wafer (f 0); and

thinning said first wafer (1) unfit said insulation

region (2a, 6).

24. The process of Claim 23, characterized In that so

said step of forming said insulation region (2a, 6)

comprises the steps of;

forming isolation trenches (2a) in said first wa-

fer(1); and 35

at least partially filling said Isolation trenches

wtth insulating material (6).

25. TTtejrocesscf Claims

of forming trenches (2b) delimiting a micro-electro- 40

mechanical structure (B) In said first wafer (1 ), and

forming an electronic circuit (13-19) in said second

wafer (10) before forming said eiectromechanfcal-

connection region.
45

26. The process of Claim 22. characterized by the

steps Of:

forming a first Insulation portion (72a, 76) of

said insulation region In a substrate (S3) of »
semiconductor material, said first Insulation

portion (72a, 76) parttaJy extending Inside said

substrate from a surface of said substrate, and

laterally delimiting a first piug portion (73) of

saw piug region;

growing an epitaxial layer (66) from said sur-

face of aald substrate (63):

forming at least one second insulation portion

(SOb) of said insulation region in said epitaxial

layer (56), said second insulalion portion (60b)

extending throughout the ihickness of said epi-

laxia: layer and

delimiting a second plug portion (62) of said

plug region which is substantially aligned and

in electrical contact with said first plug portion

(73);

fixing said second plug portion (62) to said sec-

ond wafer (10);

thinning said substrate (53) until said first insu-

lation portion (72a, 76); and

forming contact regions (29. 30) on a free lace

of said substrate (53).

27. The process of Claim 22, characterized by the

steps of:

on a substrate (53). growing an epitaxial layer

(56);

forming said insulation region (65a, 66) in said

epitaxial layer (56), said Insulation region (65a,

66) extending throughout the thickness of said

epitaxial layer and delimiting said plug region

(64);

forming a devtoe-(57) to be protected in said

epitaxial layer (56);

fixing said epitaxial layer (56) of said first water

(1) to said second wafer (1 0) through said plug

region (64); selectively removing said substrate

(53) to form a cap region (67) covering said de-

vice (57) to be protected, and freeing said plug

region (64); and
forming contact regions (29, 30) above said

plug region (64).

28. The process according to any of Claims 22^27,

characterized in that said step of fixing said first

wafer (1 ) to said second wafer (10) to carried out tn

vacuum conditions and further comprises the step

of forming a sealing region (49) between said first

wafer (1 ) and said second wafer (1 0).

29. The process according to any of Claims 22-28,

characterized In that said conductive material of

said electromechanical connection region (23) Is a

metal, and In that said fixing step comprises the

step of causing said metato^aaid etectmmechani-

cei-connection structure^) to react with aald sem-

iconductor material of said plug region (3; 62; 64).

6
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